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The Journal of Infectious Diseases

M A J O R A R T I C L E

Inflammation and Change in Body Weight With
Antiretroviral Therapy Initiation in a Multinational Cohort
of HIV-Infected Adults
Vidya Mave,1,2,a Kristine M. Erlandson,3,a Nikhil Gupte,1,2 Ashwin Balagopal,2 David M. Asmuth,4 Thomas B. Campbell,3 Laura Smeaton,5

Nagalingeswaran Kumarasamy,6 James Hakim,7 Breno Santos,8 Cynthia Riviere,9 Mina C. Hosseinipour,10 Patcharaphan Sugandhavesa,11 Rosa Infante,12

Sandy Pillay,13 Sandra W. Cardoso,14 Srikanth Tripathy,15 Noluthando Mwelase,16 Sima Berendes,17,18 Bruno B. Andrade,19,20 David L. Thomas,2

Robert C. Bollinger,2 and Amita Gupta1,2; for the ACTG PEARLS and NWCS 319 Study Team
1Johns Hopkins University-BJ Medical College Clinical Research Site, Pune, India; 2Division of Infectious Diseases, Johns Hopkins University, Baltimore, Maryland; 3Department of Medicine, University
of Colorado Denver, Aurora; 4Department of Medicine, University California Davis, Sacramento; 5Harvard T. H. Chan School of Public Health, Boston, Massachusetts; 6Y. R. Gaitonde Center for AIDS
Research and Education, Chennai, India; 7University of Zimbabwe, Harare; 8Hospital Nossa Senhora de Conceição, Porto Alegre, Brazil; 9Les Centres GHESKIO, Port-Au-Prince, Haiti; 10University of
North Carolina Project, Lilongwe, Malawi; 11Research Institute for Health Sciences, Chiang Mai, Thailand; 12IMPACTA Peru, San Miguel; 13Durban International Clinical Research Site, Durban
University of Technology, South Africa; 14STD/AIDS Clinical Research Laboratory, Instituto de Pesquisa Clinica Evandro Chagas, Fundacao Oswaldo Cruz, Rio de Janeiro, Brazil; 15National AIDS
Research Institute, Pune, India; 16Department of Medicine, University of Witwatersrand, Johannesburg, South Africa; 17Malawi College of Medicine-Johns Hopkins University Research Project,
Blantyre; 18Liverpool School of Tropical Medicine, United Kingdom; 19Unidade de Medicina Investigativa, Laboratório Integrado de Microbiologia e Imunorregulação, Centro de Pesquisas Gonçalo
Moniz, Fundação Oswaldo Cruz, and 20Instituto Brasileiro para a Investigação da Tuberculose, Fundação José Silveira, Salvador, Brazil

Background. Both wasting and obesity are associated with inflammation, but the extent to which body weight changes influence
inflammation during human immunodeficiency virus infection is unknown.

Methods. Among a random virologically suppressed participants of the Prospective Evaluation of Antiretrovirals in Resource-
Limited Settings trial, inflammatory markers were measured at weeks 0, 24, and 48 after antiretroviral therapy (ART) initiation. As-
sociations between both baseline and change in body mass index (BMI; calculated as the weight in kilograms divided by the height in
meters squared) and changes in inflammation markers were assessed using random effects models.

Results. Of 246 participants, 27% were overweight/obese (BMI, ≥ 25), and 8% were underweight (BMI < 18.5) at baseline.
After 48 weeks, 37% were overweight/obese, and 3% were underweight. While level of many inflammatory markers decreased 48
weeks after ART initiation in the overall group, the decrease in C-reactive protein (CRP) level was smaller in overweight/obese par-
ticipants (P = .01), and the decreases in both CRP (P = .01) and interleukin 18 (P = .02) levels were smaller in underweight partic-
ipants. Each 1-unit gain in BMI among overweight/obese participants was associated with a 0.02-log10 increase in soluble CD14 level
(P = .05), while each 1-unit BMI gain among underweight participants was associated with a 9.32-mg/L decrease in CRP level
(P = .001).

Conclusions. Being either overweight or underweight at ART initiation was associated with heightened systemic inflammation.
While weight gain among overweight/obese persons predicted increased inflammation, weight gain among underweight persons
predicted reduced inflammation.

Keywords. immune activation/inflammation; body mass index; HIV/AIDS; HAART clinical outcomes; noncommunicable
diseases.

Globally, there are 36.9 million persons living with human im-
munodeficiency virus (HIV), and a growing number are noted
to be overweight or obese, paralleling the global epidemic of
obesity [1–3]. As shown across multiple study populations,
the majority of HIV-infected individuals gain weight with anti-
retroviral therapy (ART) initiation, with the greatest weight
gains among individuals with the lowest CD4+ T-cell counts

and highest viral loads [4–7].Weight gain with ART can reflect
a slowing resting energy expenditure with suppressed virus
level, as well as an improvement in HIV-associated enteropathy,
and often signals a return to health [6]. In some settings, obesity
is viewed as an external manifestation of health and prosperity
and, thus, a desirable outcome of HIV treatment [8–9]. Contin-
ued weight gain over time has resulted in an increased prevalence
of obesity among HIV-infected persons in both resource-rich
and resource-limited settings [2, 3, 10–13]. There is likely a tip-
ping point at which weight gain begins to have a negative influ-
ence. Indeed, a recent analysis within the Veterans Aging
Cohort found improved survival with weight gain in the first
year of ART among underweight or normal-weight participants
but not overweight or obese participants [6]. In contrast, weight
loss or failure to gain weight with ART initiation is often a poor
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prognostic sign and may be a marker of concomitant infections,
such as tuberculosis; severe wasting; or metabolic diseases, such
as diabetes or adrenal insufficiency [14].

Both obesity and cachexia (or wasting) are associated with
chronic inflammation [15], with heightened levels of multiple
inflammatory cytokines, including interleukin 6 (IL-6), tumor
necrosis factor α (TNF-α), and C-reactive protein (CRP) [15–
19]. Although levels of inflammatory markers tend to decrease
with suppressive ART, HIV infection is also associated with
chronic low-level inflammation, with levels of several markers
of inflammation or immune activation elevated even after
years of therapy, comparison with levels in HIV-uninfected
populations [20, 21]. This persistent, low-grade inflammatory
state, even in treated HIV infection, has been associated with
an increase in multiple non–AIDS-related comorbidities, in-
cluding cardiovascular disease, cancer, osteoporosis, weakness,
frailty, and death [22–27]. Multiple factors likely contribute to
ongoing inflammation, including low-level HIV replication,
chronic hepatitis B and C, other viral coinfections, microbial
translocation, and lifestyle factors [28].

The degree to which a potentially modifiable and easily mea-
surable condition such as change in body weight, particularly
within the first year after ART initiation, influences changes
in levels of inflammatory markers is unknown. An understand-
ing of the impact of body weight changes on inflammation
across diverse settings with a variety of diets and levels of phys-
ical activity may be particularly informative to the early recog-
nition of individuals at increased risk for morbidity and
mortality. Furthermore, higher baseline body mass index
(BMI; calculated as the weight in kilograms divided by the
height in meters squared) and weight change after ART initia-
tion predict CD4+ T-cell count recovery, and changes in levels
of inflammatory markers may explain these findings [4–6]. We
hypothesized that overweight/obese and underweight patients
have a higher risk of persistent immune activation and inflam-
mation as compared to normal-weight patients. The Prospec-
tive Evaluation of Antiretrovirals in Resource-Limited Settings
(PEARLS) trial was a randomized international trial of ART ini-
tiation with a high proportion of both underweight and over-
weight participants and a nearly equal proportion of men and
women, many with advanced HIV infection [29]. Using the
PEARLS trial, we sought to investigate the association between
baseline weight and weight gain with ART initiation on changes
in markers of inflammation and immune activation.

METHODS

Study Design and Population
We used a random sample of persons who experienced virolog-
ic suppression within the AIDS Clinical Trials Group (ACTG)
PEARLS trial (ClinicalTrials.gov registration NCT00084136)
to address our objective. In brief, PEARLS was a randomized
trial of ART initiation in 1571 treatment-naive adults from

9 countries (Brazil, Haiti, India, Malawi, Peru, South Africa,
Thailand, United States, and Zimbabwe) [29]. Enrollment oc-
curred between May 2005 and August 2007, and participants
were followed through May 2010, with a primary outcome of
HIV disease progression. Eligible participants had a CD4+

T-cell count of <300 cells/mm3 and no history of recent acute
illness (ie, pneumonia, gastroenteritis, or pelvic inflammatory
disease) or opportunistic infections. Participants were random-
ized to receive one of the following 3 HIV treatment regimens:
(1) efavirenz + lamivudine + zidovudine (EFV+3TC+ZDV),
(2) efavirenz+emtricitabine+tenofovir ((EFV+FTC+TDF),
or (3) atazanavir+didanosine+emtricitabine (ATV+DDI+FTC).
Further details of the PEARLS study design, participant charac-
teristics, and the primary results have been previously published
[29]. A NewWorks Concept Sheet (NWCS-319) was developed
as a substudy to PEARLS study that had >80% power to assess
the effect of inflammatory and nutritional markers on clinical
end points. A sample of 270 individuals from PEARLS compris-
ing 30 randomly selected individuals from each country was in-
cluded in NWCS-319, and these data were used to assess the
effect of BMI on inflammatory markers. We excluded 24 partic-
ipants (8.9%) who did not achieve virologic suppression at
weeks 24 and/or 48.

The human experimentation guidelines of the Department of
Health and Human Services were followed, and the institutional
review board or ethics committees at each site provided approv-
al. Informed consent, including permission to use biological
materials, was obtained from all participants.

Laboratory Testing
Serum and plasma specimens were obtained from all participants
at weeks 0, 24, and 48 after ART initiation and were stored at
−80°C in a repository until the time of testing. Each marker was
batch tested at single centralized laboratories [30]. Plasma soluble
CD14 (sCD14) and plasma CRP levels were measured using com-
mercially available ELISA kits (R&D Systems, Minneapolis,
Minnesota); plasma interferon γ (IFN-γ)–inducible protein 10
(CXCL-10; also referred to as IP-10) was measured using an
electrochemiluminescent bridging immunoassay (Meso-Scale Dis-
covery, Gaithersburg, Maryland). Plasma levels of the soluble in-
flammatory cytokines TNF-α, IL-6, and IFN-γ were measured
using the Luminex multiplex cytokine platform (R&D Systems,
Minneapolis, Minnesota). IL-18 was performed using ELISA (Plat-
inum ELISA, eBiosciences, San Diego, California).

Analyses
Weight wasmeasured at weeks 0, 24, and 48 and height at week 0.
BMI was categorized as underweight (<18.5), normal (18.5–
24.9), overweight (≥25–29.9), and obese (≥30) [31]. The over-
weight and obese categories were combined to increase the
sample size for many of the analyses. The demographic covar-
iates were summarized and compared between all categories of
BMI. Skewed continuous variables were summarized using
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medians and interquartile ranges (IQRs) and were compared
using a Mann–Whitney test. Nonskewed continuous variables
were summarized using means and standard deviations (SDs)
and were compared using an unpaired t test. Categorical vari-
ables were summarized using frequencies and were compared
using a χ2 or Fisher exact test when applicable. Heat maps of
the log10-transformed values of markers were designed to illus-
trate the overall trend of data variation according to baseline
BMI status and week since ART initiation. Association between
baseline BMI and BMI change from weeks 0 to 48 and longitu-
dinal changes in immune activation and inflammatory markers,
with adjustment for age, sex, country, study treatment arm [31],
screening CD4+ T-cell count, plasma baseline log10 HIV RNA
load, and prevalent tuberculosis, was assessed using random ef-
fects models. We further assessed the effect of an obese BMI at
weeks 0, 24, or 48 on longitudinal changes in immune activa-
tion and inflammatory markers, using random effects models.
All analyses were conducted in Stata, version 13.1, and JMP
12.0 (SAS Statistics, Cary, North Carolina).

RESULTS

Of the 246 participants, at baseline, 8% were underweight, 65%
had a normal BMI, 20% were overweight, and 7% obese (Fig-
ure 1A). As shown in Table 1, baseline differences by country
and race were seen: India had the highest proportion of

underweight participants (31%), and the United States (58%),
Brazil (41%), and South Africa (36%) had the highest propor-
tions of overweight/obese participants (P < .001). None of the
underweight participants were white (P = .004). Overweight/
obese participants tended to be older (38 vs 35 years; P = .03)
and underweight participants tended to have a lower hemoglo-
bin level (10.5 vs 12.4 mg/dL; P = .001) and serum albumin level
(3.6 vs 4 mg/mL; P = .01).

Baseline BMI and Levels of Inflammatory Markers at Weeks 0,
24, and 48
At week 0 of ART, levels of the inflammatory markers IL-6,
INF-γ, CXCL-10, IL-18, and sCD14 were comparable between
participants who were either underweight, had a normal BMI,
or were overweight/obese, with the exception of baseline TNF-α
level (Supplementary Table 1). Compared with participants
with a normal BMI at baseline, baseline TNF-α levels were
significantly higher among underweight participants and
lower among overweight or obese participants (20.6 pg/mL
vs 24.6 pg/mL vs 15.9 pg/mL; P = .005).

At weeks 24 and 48 after ART initiation, TNF-α level no lon-
ger differed by BMI categories, and levels of the inflammatory
markers IL-6, INF-γ, CXCL-10, IL-18, and sCD14 remained
comparable between BMI categories, with the exception of
week 48 CRP level (Supplementary Table 1). At week 48 of

Figure 1. Body mass index (BMI; calculated as the weight in kilograms divided by the height in meters squared) distributions and effects of baseline BMI on markers of
inflammation and immune activation following antiretroviral (ART) initiation. A, Distribution of the study population according to indicated BMI status at weeks 0 and 48 after
ART initiation. B, Heat map depicts the overall pattern of expression of markers of inflammation/immune activation. Participants are grouped in rows by baseline BMI, and dif-
ferences in markers (columns) are seen across rows. Expression scale for each marker represents log10 fold-change from the geometric mean of the entire study population at each
time point, with red hues indicating an increase and blue hues indicating a decrease. C and D, Scatterplots of the markers show the overall trend of variation in concentrations of
each marker at weeks 0, 24, and 48 following ART initiation, separated by baseline BMI. The lines represent median values and interquartile ranges. Abbreviations: CRP, C-reactive
protein; CXCL-10, interferon γ–inducible protein 10; IFN-γ, interferon γ; IL-6, interleukin 6; IL-18, interleukin 18; sCD14, soluble CD14; TNF-α, tumor necrosis factor α.
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ART, compared with participants with a normal BMI, the CRP
levels were significantly higher among participants who were
overweight/obese at baseline and significantly lower among
those who were underweight at baseline (2.61 mg/L vs 5.70
mg/L vs 1.68 mg/L; P = .003).

Baseline BMI and Change in Levels of Inflammatory Markers
Over 48 Weeks
Figures 1B–D illustrate the changes in all tested markers of
inflammation and immune activation after ART initiation, by
baseline BMI status. Among all participants, compared with base-
line immune markers, TNF-α (P < .001), CXCL-10 (P < .001), and
IL-18 (P < .001) levels decreased significantly over 48 weeks. INF-
γ, CRP, IL-6, and sCD14 levels did not change significantly.

Among the normal BMI group, compared with baseline im-
mune markers, CXCL-10 (P < .001) and IL-18 (P < .001) levels
decreased significantly over 48 weeks; changes in TNF-α, IFN-γ,
IL-6, sCD14, and CRP levels, however, did not meet statistical
significance. Among individuals in the underweight group,
compared with baseline levels, TNF-α (P < .001) and CXCL-
10 (P < .001) levels decreased over 48 weeks, while levels of
other markers did not change significantly. In the overweight/
obese group, TNF-α (P < .001), CXCL-10 (P < .001), and IL-18

(P < .001) levels decreased; IL-6, CRP, sCD14, and IFN-γ levels
did not change significantly.

We next assessed the association between baseline BMI and
levels of immune markers, using a random effects model adjust-
ed for age, sex, country, study treatment arm, screening CD4+

T-cell count, baseline plasma log10 HIV RNA load, and preva-
lent tuberculosis. In these adjusted analyses (Table 2), compared
with individuals of normal weight, the decrease in IL-6, TNF-α,
IFN-γ, CXCL-10, IL-18, and CRP levels over 48 weeks was
smaller in participants who were overweight/obese at baseline;
this only reached statistical significance for CRP (P = .01). Sim-
ilarly, CRP (P = .02) and IL-18 (P = .02) levels declined signifi-
cantly among those who were underweight at baseline (Table 2).

BMI Change and Change in Levels of Inflammatory Markers
Over 48 Weeks
As shown in Figure 1A, between week 0 and week 48 of ART,
the proportion of underweight participants decreased >2-fold
from 8% to 3%, and the proportion of overweight/obese partic-
ipants increased from 27% to 37%. A median 14% increase in
BMI was observed among underweight participants, compared
with a median 5% increase in both normal and overweight
groups. We next examined the impact of this change in BMI

Table 1. Baseline Characteristics, by Body Mass Index (BMI)

Characteristic Overall (n = 246) Underweight (n = 19) Normal Weight (n = 163) Overweight/Obese (n = 64) P Value

Female sex 135 (50) 11 (55) 86 (48) 38 (54) .66

Race .004

Asian 61 (23) 10 (50) 40 (22) 11 (15)

Black 144 (53) 10 (50) 96 (54) 38 (54)

White 29 (11) 0 15 (8) 14 (20)

Other 36 (13) 0 28 (16) 8 (11)

Age, y 35 (29–41) 34 (30–37) 34 (29–40) 38 (31–43) .03

CD4+ T-cell count, cells/µL 179 (90–229) 118 (50–223) 183 (87–227) 175 (119–240) .06

Plasma HIV RNA load, log10 copies/mL 5.07 (4.57–5.47) 5.28 (5.00–5.58) 5.07 (4.64–5.46) 4.91 (4.34–5.57) .09

Hemoglobin level, mg/dL 12.4 (10.9–13.8) 10.5 (9.7–11.6) 12.5 (11.1–13.8) 12.5 (11.1–13.9) .001

Albumin level, mg/mL 4.0 (3.6–4.3) 3.6 (3.1–4.0) 3.9 (3.6–4.2) 4.1 (3.8–43.0) .01

ART regimen .90

EFV + 3TC-ZDV 99 (37) 7 (35) 69 (39) 23 (32)

EFV + FTC-TDF 89 (33) 7 (35) 56 (31) 26 (37)

ATV +DDI + FTC 82 (30) 6 (30) 54 (30) 22 (31)

Country <.001

Brazil 29 (12) 1 (5) 16 (10) 12 (19)

Haiti 30 (12) 5 (26) 20 (12) 5 (8)

India 26 (11) 8 (42) 14 (9) 4 (6)

Malawi 26 (11) 2 (11) 19 (12) 5 (8)

Peru 28 (11) 0 24 (15) 4 (6)

South Africa 28 (11) 0 18 (11) 10 (16)

Thailand 28 (11) 1 (5) 21 (13) 6 (9)

United States 24 (10) 0 (0) 10 (6) 14 (22)

Zimbabwe 27 (11) 2 (11) 21 (13) 4 (6)

Data are no. (%) of subjects or median value (interquartile range). BMI was calculated as theweight in kilograms divided by the height in meters squared and categorized as underweight (<18.5),
normal (18.5–24.9), overweight (>25–29.9), and obese (≥30) [31].

Abbreviations: ART, antiretroviral treatment; ATV, atazanavir; DDI, didanosine; EFV, efavirenz; FTC, emtricitabine; HIV, human immunodeficiency virus type 1; TDF, tenofovir disoproxil fumarate;
ZDV, zidovudine; 3TC, lamivudine.
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from week 0 to week 48 on the change in inflammatory markers.
When adjusted for sex, age, country, screening CD4+ T-cell
count, baseline log10 plasma HIV RNA load, and study treat-
ment arm in multivariable analyses, among obese or overweight
participants, each further 1-unit increase in BMI was associated
with an increased sCD14 level (β=0.02; P = .05; Figure 2). In
contrast, among underweight participants, each incremental in-
crease in BMI was associated with a decreased CRP level
(β = −9.32 mg/L; P = .001). Similar trends were seen among
several of the other inflammation/immune activation markers,
but none reached statistical significance (P > .05 for all compar-
isons; Figure 2 and Supplementary Table 2).

Association Between Obesity and Change in Levels of Inflammatory
Markers
Last, we investigated the impact of an obese BMI (vs a BMI <30)
at baseline, week 24, or week 48 on baseline and change in

inflammatory markers (Table 3). In multivariable analyses, hav-
ing an obese BMI at any time point on the study was associated
with a 0.19 log10 pg/mL greater sCD14 level, compared with
participants who were never obese (P = .02). No significant as-
sociations were detected between obesity and other inflamma-
tory markers.

DISCUSSION

Within the context of a randomized trial of ART initiation, we
have uncovered important differences in the inflammatory/
immune activation response to ART based on both the BMI
prior to ART initiation and the BMI changes experienced in the
first 48 weeks of ART. Similar to data from high-income settings
[20, 21], we observed a decrease in many markers of inflam-
mation and immune activation among participants in low-
and middle-income settings after ART initiation. However, the

Table 2. Association Between Baseline Body Mass Index (BMI) on Longitudinal Inflammatory and Immune Activation Markers

Marker

Univariable Analysis Multivariable Analysisa

Difference,b Mean (95% CI) P Value Difference,b Mean (95% CI) P Value

IL-6 level in pg/mL

Normal weight Reference Reference

Underweight 5.8 (−17.8 to 29.3) .63 14.2 (−9.5 to 37.9) .24

Overweight −1.5 (−26.2 to 23.2) .91 −0.2 (−25.7 to 25.4) .99

TNF-α level in pg/mL

Normal weight Reference Reference

Underweight −1.5 (−6.6 to 3.6) .57 0.9 (−4.0 to 5.9) .71

Overweight −2.0 (−7.3 to 3.4) .47 −0.3 (−5.7 to 5.0) .90

INF-γ level in pg/mL

Normal weight Reference Reference

Underweight −23.1 (−43.1 to −2.9) .02 −6.9 (−26.0 to 12.2) .48

Overweight −35.1 (−56.1 to −13.9) .001 −17.4 (−37.9 to 3.3) .10

CXCL-10 level in pg/mL

Normal weight Reference Reference

Underweight 52.4 (−525.6 to 630.4) .86 82.3 (−496.3 to 661.0) .78

Overweight 12.9 (−593.8 to 619.8) .97 −94.4 (−718.5 to 529.7) .77

IL-18 level in pg/mL

Normal weight Reference Reference

Underweight −172.9 (−314.3 to −31.5) .02 −175.4 (−321.0 to −29.9) .02

Overweight −114.5 (−263.8 to 34.8) .13 −137.8 (−295.1 to 19.6) .09

CRP level in mg/L

Normal weight Reference Reference

Underweight −10.1 (−21.2 to .9) .07 −11.3 (−19.6 to −3.0) .01

Overweight −6.7 (−18.4 to 5.0) .26 −10.4 (−19.5 to −1.4) .02

Log10 sCD14 level in pg/mL

Normal weight Reference Reference

Underweight 0.1 (−.02 to .3) .10 0.1 (−.2 to .3) .49

Overweight 0.3 (.2–.5) <.001 0.2 (−.04 to .5) .09

BMI was calculated as the weight in kilograms divided by the height in meters squared and categorized as underweight (<18.5), normal (18.5–24.9), overweight (>25–29.9), and obese (≥30)
[31].

Abbreviations: CI, confidence interval; CRP, C-reactive protein; CXCL-10, interferon γ–inducible protein 10; HIV, human immunodeficiency virus; IFN-γ, interferon γ; IL-6, interleukin 6; IL-18,
interleukin 18; sCD14, soluble CD14; TNF-α, tumor necrosis factor α.
a Longitudinal markers over 48 weeks were modeled using a random effects model. The multivariable model was adjusted for age, sex, country, study treatment arm, screening CD4+ T-cell
count, baseline log10 HIV RNA load, and prevalent tuberculosis.
b Over 48 weeks.
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declines in levels of some key markers were not as steep among
either baseline underweight or overweight/obese participants.
In addition, we observed that further weight gain among over-
weight and obese participants after ART initiation was associat-
ed with an increase in sCD14 level despite adequate virologic
suppression, while weight gain among underweight participants
was associated with a greater decrease in CRP level. Interesting-
ly, a recent study from the Veterans Aging Cohort demonstrated
a reduced mortality with weight gain among underweight pa-
tients but not overweight or obese patients in the first year
after ART initiation [6]. Furthermore, the study found that
each 1-unit gain in BMI among participants with normal
BMI resulted in an increase of approximately 18%–20% in the

risk of cardiovascular events [33]. These observed associations
between clinical events and weight gain with ART initiation em-
phasize the clinical importance of both the pre-ART BMI and
the changes in BMI with ART initiation and support a potential
mechanistic link with heightened inflammation.

Another notable finding from our study is that over one third
of our participants were overweight or obese after 48 weeks of
ART. While the subset in this analysis may not be a truly repre-
sentative sample from the participating countries, we found a rel-
atively high prevalence of overweight or obese participants (39%)
from Brazil and South Africa, while <20% of participants from
India, Thailand, and Malawi were overweight or obese. With im-
proved economic conditions, dynamic nutrition transitions to a

Figure 2. Change in immune activation markers over 48 weeks by change in body mass index (BMI; calculated as the weight in kilograms divided by the height in meters
squared) and antiretroviral treatment initiation. β-coefficients represent the incremental change in each inflammatory marker per increase in BMI. The underweight group is
indicated by yellow, normal weight by blue, and overweight/obese groups by red. All analyses are adjusted for age, sex, country, study treatment arm, screening CD4+ T-cell
count, plasma baseline log10 human immunodeficiency virus type 1 RNA load, and prevalent tuberculosis. Abbreviations: CI, confidence interval; CRP, C-reactive protein; CXCL-
10, interferon γ–inducible protein 10; IFN-γ, interferon γ; IL-6, interleukin 6; IL-18, interleukin 18; sCD14, soluble CD14; TNF-α, tumor necrosis factor α.

Table 3. Findings of Unadjusted and Adjusted Random Effects Models of the Effects of Obesity at Weeks 0, 24, or 48 on the Change in Levels of
Inflammatory or Immune Activation Markers

Biomarker

Unadjusted Analysis Adjusted Analysisa

Slope (95% CI) P Value Slope (95% CI) P Value

IL-6 level in pg/mL −12.8 (−52.8 to 27.2) .53 −23.4 (−65.2 to 18.4) .27

TNF-α level in pg/mL −1.3 (−6.2 to 3.5) .60 −1.6 (−6.5 to 3.3) .52

IFN-γ level in pg/mL −1.5 (−19.8 to 16.7) .87 4.8 (−12.9 to 22.5) .59

CXCL-10 level in pg/mL −57.8 (−593.0 to 477.4) .83 −203.3 (−756.0 to 349.5) .47

IL-18 level in pg/mL 131.0 (2.3–259.7) .05 127.6 (−3.4 to 258.7) .05

CRP level in mg/L −5.7 (−17.7 to 6.3) .35 −5.5 (−13.6 to 2.6) .18

Log10 sCD14 level in pg/mL 0.2 (.05–.4) .009 0.2 (.04–.4) .02

Obesity was defined as a body mass index (calculated as the weight in kilograms divided by the height in meters squared) of >30.

Abbreviations: CI, confidence interval; CRP, C-reactive protein; CXCL-10, interferon γ–inducible protein 10; HIV, human immunodeficiency virus; IFN-γ, interferon γ; IL-6, interleukin 6; IL-18,
interleukin 18; sCD14, soluble CD14; TNF-α, tumor necrosis factor α.
a Adjusted for age, sex, country, study treatment arm, screening CD4+ T-cell count, baseline log10 HIV RNA load, and prevalent tuberculosis.
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diet higher in fat and refined carbohydrates, combined with less
daily physical activity, obesity is becoming a worldwide public
health problem, with the number of overweight individuals ex-
ceeding with the number who are underweight [34].

Why levels of sCD14, IL-18, and CRP were elevated in HIV-
infected overweight/obese patients instead of IL-6 and TNF-α,
as typically seen among HIV-uninfected obese patients, is an in-
triguing observation that deserves further investigation. It may
be that adipocytes that appear to function differently in HIV-
infected persons, ongoing microbial translocation, or ongoing
coinfections could also account for differences in inflammatory
profiles [15, 32, 35, 45, 47]. Notably, a similar association be-
tween obesity and both CRP level and sCD14 level has been ob-
served among HIV-infected US adults [47].

sCD14 has been linked to cardiovascular disease risk and
mortality among HIV-infected adults [35–38]; thus, the further
increase in sCD14 in the overweight/obese groups is of partic-
ular relevance. Importantly, some studies have suggested that
the level of sCD14 is relatively resistant to therapeutic interven-
tions [28, 39, 40]. Following weight-reduction surgery among
HIV-uninfected persons, a significant decrease in sCD14 level
was only observed among those with marked weight loss of
>30% [41]. Similarly, although sCD14 level was significantly
lower among HIV-uninfected men as compared to HIV-infected
men, little difference was seen between participants who were
and those who were not receiving effective ART [21].Both IL-18
and CRP have been associated with cardiovascular disease, obe-
sity, and mortality [27, 34, 42–45].As nonspecific markers of in-
flammation, elevated CRP and IL-18 levels among underweight
participants at baseline may have been markers of coinfection
[34, 46]; nearly all underweight participants were enrolled
from sites in India or Africa, where the incidence of tuberculosis
is among the highest in the world. Similarly, the significant de-
crease in CRP level among underweight participants who
gained weight was suggestive of a return to health. Although
weight gain among overweight participants did not exacerbate
CRP or IL-18 levels, the lack of reduction despite effective ART
may imply an ongoing, heightened cardiovascular disease risk.
Importantly, previous studies have demonstrated that similar
magnitude of change in sCD14, CRP, and IL-18 levels observed
in our study was independently associated with increased
mortality, clinical failure, and tuberculosis-associated immune
reconstitution inflammatory syndrome, underscoring the clini-
cal relevance of our findings [34, 46, 48].

Our study does have limitations. First, considering the diver-
sity of the population, the sample size is relatively small and lim-
its the number of analyses and adjustments we could perform.
Similarly, the proportions of underweight and overweight/obese
participants were small and limited the power to detect some
associations. Dual-energy absorptiometry or computed tomog-
raphy findings were not available to further delineate whether
changes in BMI were due to changes in subcutaneous fat,

visceral fat, or muscle. The distribution of weight gain among
these different compartments would be expected to have differing
effects on the inflammatory profile. Analyses were not corrected
for multiple comparisons; thus, given the marginally significant P
values for many comparisons, our findings should be considered
exploratory. Although we adjusted for country, we were unable to
account for between-country differences in nutrition that may
have played a role in weight and inflammatory changes. Last,
we did not have measures of low-level HIV replication, chronic
hepatitis B virus and hepatitis C virus infection, physical activity,
or dietary intake to provide further insight into mechanisms for
the weight changes. Despite these limitations, the multiple in-
flammatory markers before and after randomized ART initiation
in a population with diverse ethnic, racial, lifestyle habits, and re-
sources, balanced by sex, adds to the clinical relevance of these
data and the generalizability to multiple settings.

In summary, our findings highlight the potential prognostic
value in monitoring body weight in the course of ART. Al-
though not applicable to all settings, an inability to gain weight
among underweight persons may be a poor prognostic sign and
signal a need for nutritional intervention, a need for evaluation
of disease progression, or development of an opportunistic in-
fection. In contrast, among those who are already overweight or
obese, further weight gain appears to increase inflammation
(notably the sCD14 level). Further research is needed to under-
stand the potential barriers to weight maintenance and to test
models for effective early nutritional counseling and lifestyle
modifications as adjunctive therapy to ART.
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